AECD - 2359 |

UNITED STATES ATOMIC ENERGY COMMISSION 0

NEUTRON DIFFRACTION STUDIES

by
C. G. Shull
T EREN S UON SATOMENT R E. 0. Wollan
Bpproved i public released M. C. Marney

VOak Ridge National laboratory

This document 1s reproduced as a project report and is
without editorial preparation. The manuscript has been
submitted to The Physical Review for possible publication.

 FILE COPY
NAVY RESEAACH SECTION
& ' | SCITNOE DiVIRISN
ZaRY OF CURGBESS
Date Declassified: September 29, 1§ VT e
i %+ %0 5£ RETURNED

Issuance of this document does not constitute

authority for declassification of classified

copies of the same or similar content and title
and by the same authors. :

R
7 /f;

AEC, Oak Ridge, Tenn., 4-11-49-850-A1462

" RRINTEDAIN /6. S/ AY
PRICEN/ 5 NTS 638?9

e TTED %

A
O
<O
I-..J
o . Technical Information Branch, Oak Ridge, Tennessee
L _—
<
A
|
.
"DTIC QUALTTT Tha



NEUTRON DIFFRACTION STUDIES
By C. C. Shull, E. 0. Wollan and M. C. Marney

SCATTERING CROSS SECTION AND PHASE OF SCATTERING FOR N158 AwD N30

Various scattering cross-section determinations for Ni have
indiceted a much larger scattering then suggested by simple potential
seatteringo Normel nickel conteins two major isotopes, Ni5 (68. O%a
and Ni60 (27.2%), along with the minor isotopes ¥i61l, Ni62, and Nib
In sttempting to asgign the anomal ous Sﬂat*gring cross se@tion o a
particular isotope, samples of Ni5 0 and Ni 00 were obtained from ths
Isotopes Production Division at ¥-12 and were examiuved in the neubtron
diffraction spectromster.

fgure 1 shows the diffraction patterns obtained for the three

nickel oxide preparetions consisting of Ni58 Nl609 and normal Ni. The
experizental data for the three samples have been corrscted for specimen
waight, ebsorption, etc., so that the patterns are directly comparable.
Since nickel oxide erystallizes in the NaCl-type face centered cubic
structure, a comparison of the (111) end (200) intensities permits a
direct determinetion of the phese of scattering of the nickel isotopes.
I+ is seen in Figure 1 thet the (200 reflection is stronger than the
(1%1) reflection for sll thres spscimens, and hence it follows that N158

, and elemental Ni scatter nsutrons with positive phase, the sams as
doss oxygen. It is elso seen that the patterms differ markedly in inten-
sity, signifying that the scettering cross sections are widely different.
Prom the measured i{ntensitics of the diffraction psaks, the coherent scat-
tering cross sectioms for Ni2°, Ni 09 and elemsntal Ni have been dster-
wined ag 27, 2, and 1L barnms respectively. Since potential scattering
according to the physicel size of these nuclel should coubribute a scatb-
tering cross section of ouly ebout 5.7 baras, it is seg that the anom-
alously high scattering for nicksl is caused by the Ni” isctops, in
spite of the feot thet the scatiering by NL6O iz lower than the expected
potential s@a@gsringo

Both Nio® and Nib0 gre even-even nuclel with presumebly zero spin,
and hence their coherent scatbering cross sections should be the seme as
their total scebbtsring cross ssctions. From Lransmission measuremsntg on
the nickel oxide semples, the total scatbtering cross sections for Ni2 R
Ni60 and elsmeutsal N1 were determinsd as 25, 3 and 17 barns respectively,
as Sh@WA in Table 1.

The agresment betwsen the two cross-section values for Ni58 15 sat-
isfactorily within ezperimental error, whils the presence of uncorrected
residual water fn the NiO sample makes the totel scattering larger than
the coherent scatbering. It would not ve expected that the total and co-
hersut scatbering for elemsnbel Ni should be the sams bscause of isotopic
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Table 1. Scattering Cross Sections for Isotopic and Elemental Nickel
Samples

_— —_
— —

Coherent Scattering TPotal Scattering
Cross Section ' Cross Section
Hi58 27 barns 25 barns
160 ' 2 3
Ni element R 17

*Not corrscted for residual water content in sample

incoherence, A& celculation of the incoherent scattering to be expected for
Ni using the above coherent scattering cross sections for the isotopes leads
t0 a value of 2.7 barns, and this, addsd to the coherent scattering, agrees -
patisfactorily with the total scettering cross section for elemental Ni.

The large valus for the scattering cross section of Nid o coupled
with the fact that this nucleus scatters with positive phase, suggests on
the E@Shba@héPeaslee=Weisskopf picture the presence of a scattering reso-
-nance at a nearby virtual emergy. On the other hand, the -smaller-than-
expected scattering cross section for Ni 0, along with its positive phase
of scattering, suggests the presence of a nearby resonance at a higher-than-
thermal energy. Havens et al. bave reported evidence for resonance at
sevéral hundred volts emergy, and this presumably is to be associated with
the Ni%0 mucleus.

SCATTERING STUDIES ON THE Li ISOTOPES

The scattering of neutrons by elemental Li bss been shown by Fermi
and Marshall, and Wollan end Shull o occur with & reversed phase of
scattering. It seomed of interest to establish the scattering properties
of the individusl isotopss, mamely Li® (7.9%) and LiT7 (92.1%). Accordingly;
& sample containing 99.89% of Lil was obtained frem the Isotope Production
Division st Y-12, and this was examined in the neutron diffraction spectrom-
eter in the form of both LiTCL and LiTF. Companion preparations of eleman-
tal Li were examined for comparison purposss.

Filgure 2 showe the spectrometer traces for samples of LiTC1 and LiCl.
It is seen that the (111) reflectioms are stronger than the (200) reflecw...
tione for both materials, and this indicates that the scattering phase for
botk Li! and elsmental Li is opposite to that of Cl. From the psak inten-
gities, it bas been pozsible o caleculate the coherent scattering cross
sections for Li7 and elemental Li and from these to evaluate the cross
section end phase of scatterimg for Li°6 These results are listed in Table
2.
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Table 2. Scattéring.bata for the Li Isotopes.

Coherernt Scattering

Phase of Scattering Crogss Section
Li element negative 0.4 barns
Li7 negative 0.8
116 - positive ~6

Since the smplitude of scattering for LiT %s more negative than
that for elemental Li, it is established that Li" scatters with a positive
-phase and with & calculated cross section of about 6 barns. This cross
section is uncertain to the extent of perhaps 50%, but the phase of scat-
- tering appears-quite definite. The negative scattering amplitude of LiT
suggests, according to the Feshbach-Peaslee-Weisskopf theory, that a
scattering resonance occurs for this nucleus at a position somewhat above
thermal energies. The small value of the scattering points to an inter-
ference between resonance scattering (with negative phase) and potential
scattering (with positive phass), so that the scattering resonance must
be located at an ensrgy not too far sbove thermal, relative to the level
spacing. S
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